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Spotlight Commentary: Model‐informed precision dosing must
demonstrate improved patient outcomes

Fifty years ago, Louis Sheiner published a seminal paper demonstrat-

ing that a computer‐based mathematical model could be used to

predict warfarin dose requirements.1 The paper is remarkable in scope.

It includes details of the model development and application as well as

an evaluation of dose predictions against the gold standard at the time

(expert opinion). Despite its obvious utility, as far as we know,

Sheiner's dosing tool was never validated for use in practice. There-

fore, the publication represents a ground‐breaking pharmacometric

output, with little to show in terms of clinical uptake or direct impact

on patient care.

Fifty year on, pharmacometrics has grown as a discipline and is

now an integral part of most drug development programmes. Model‐

based analyses are routinely used in the industry to inform study

designs, to understand the relationship between drug exposure and

response (efficacy and safety), and to support dosing requirements

on the drug label. In the clinical setting, pharmacometrics research

has focused largely on the development of models and dose

prediction tools, including dose‐banding tables2 and decision‐support

underpinned by Bayesian algorithms.3 However, widespread accep-

tance of pharmacometrics has been slow to develop in the clinical

setting, and few model‐based dosing tools have been widely imple-

mented. The result is an overemphasis in the published literature on

the production of new models and prediction tools but little in the

way of concrete evidence to demonstrate that these outputs have a

direct impact on clinical care. At best, published modelling outputs

may demonstrate indirect evidence of a proposed clinical benefit, for

example, using a simulation‐based approach to show that plasma con-

centrations or biomarkers can be maintained within an optimal range.

This important point has been the focus of much recent literature

where a new acronym has emerged, “model‐informed precision dosing

(MIPD)”.4-6 MIPD refers to the use of pharmacometric outputs, ie,

models, simulation, and Bayesian forecasting tools designed to predict

the optimal dose of a drug for an individual patient. The goal is to

improve efficacy while reducing the risk of toxicity. While interest in

MIPD is gaining momentum amongst academics, there exist many

challenges to address before pharmacometric outputs become

routinely implemented in clinical practice.

A rudimentary form of MIPD is the use of plasma drug concentra-

tions such as trough concentrations relative to a reference range to

inform dose adjustments in support of patient care (therapeutic drug

monitoring). Despite a substantial body of data suggesting that thera-

peutic drug monitoring might be useful for a large number of drugs,

only a relatively small number are routinely monitored. A major reason

for this is the shortage of assays that can quantify the concentration

of the drugs in plasma samples and that have been approved for

patient care by regulatory authorities. For those assays that have been

approved, turnaround times are often (too) long. However, perhaps,

the most important reason why drug concentration monitoring is not

widely accepted is the general lack of clinical evidence generated from

prospective randomised controlled trials that prove that therapeutic

drug monitoring leads to optimisation of treatment in terms of efficacy

and safety.

MIPD provides a means of predicting drug response and dose

requirements in individual patients by quantifying and accounting for

sources of variability between and within patients. Despite the obvi-

ous utility for clinical practice, we argue that MIPD will not be widely

accepted by the clinical community nor routinely implemented across

practice settings until modelling outputs can demonstrate important

improvements in patient outcomes. Clinical trials to prospectively

assess the clinical impact of MIPD tools have not been widely con-

ducted to date (see Neely et al7 and Joerger et al8 for important

exceptions). There are examples of MIPD outputs that have been

implemented in local clinical settings but few examples of widespread

implementation at a national or international scale (see the Dutch

National Formulary9 for an example of an important success story).

We are not suggesting that new modelling projects will not be war-

ranted for some drugs and in certain population groups. Nor are we

implying that all drugs will benefit from MIPD in practice. We are

mainly concerned with those agents that demonstrate a narrow ther-

apeutic range, where variability in response is difficult to predict, or

where dose bands are complex or multidimensional. Indeed, the

dose‐concentration‐response relationship for many commonly used

agents may not be well understood. This means that suitable targets

for plasma concentrations or other biomarkers have not been quanti-

fied. In addition, information on altered pharmacokinetics and pharma-

codynamics in some patient groups (eg, children and pregnant women)

may be lacking. However, we note that there are many well‐studied

agents with a large number of published models, often across patient

groups and clinical settings (eg, tacrolimus10). In these situations, there

may be a case for limiting the new modelling outputs in favour of
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using models already available in the literature. Several recent publica-

tions have demonstrated the utility of meta‐modelling and model‐

based meta‐analysis methodologies for this purpose (see Claisse

et al11).

We also acknowledge the challenges outlined by other commenta-

tors, particularly those related to the limited funds available for pro-

spective testing and the regulatory issues associated with rolling out

MIPD tools in practice.4-6 Our view is simply that until direct evidence

exists that MIPD outputs improve patient outcomes, it is unlikely that

funding bodies, health authorities, and regulatory agencies will have

much incentive to listen. If the clinical benefits are truly important,

and this can be demonstrated in well‐conducted trials, then the

funding and regulatory bodies will have a much easier time taking

MIPD seriously and the challenges become less imposing.

In this issue of the British Journal of Clinical Pharmacology, Zhang

and colleagues12 present a randomized clinical trial exploring the

impact of model‐based paclitaxel dosing compared to the standard

body surface area (BSA) adjustment. The study was conducted in

Chinese patients with advanced NSCLC, a population particularly at

risk from haematological toxicities using the standard first‐line

platinum/paclitaxel chemotherapy. After the first cycle, patients were

randomized to receive either standard 175 mg/m2 doses of paclitaxel

or individualized doses based on a target time above the paclitaxel

plasma concentration of 0.05 μmol/L (PTXTc > 0.05) of 26 to 31 hours.

Dose adjustments were conducting using a therapeutic drug monitor-

ing and a model‐based Bayesian dosing tool originally proposed by

Joerger et al.8 The authors found that paclitaxel doses were signifi-

cantly lower in the model‐based dosing group across cycles 2 to 4,

with an average of 128 mg/m2 compared to 161 mg/m2 in the control

arm. The primary safety endpoint of CTCAE grade 4 bone marrow tox-

icities was significantly reduced in the model‐based dosing group

overall (from 24% to 15%) and grade ≥ 2 neuropathy (from 21% to

8%). Efficacy endpoints such as objective response and disease control

were not different between the study arms, while progression free‐

survival was longer in the model‐based arm. Median overall survival

did not differ between the study arms after about 2 years. In short,

the authors appear to have successfully demonstrated that model‐

based paclitaxel dosing reduces the occurrence of severe neutropenia

and paclitaxel‐associated neuropathy without appreciable loss of

efficacy.

High quality models for many drugs and population groups already

abound in pharmacology. Many have been only validated at a theoret-

ical level. However, implementation into practice requires comparative

efficacy and/or safety compared to standard care and sometimes

regulatory approval to guarantee quantification around safety and

efficacy statements in the model. The results reported by Zhang

et al are exactly the kind of data that is much needed for successful

implementation of therapeutic drug monitoring and model‐informed

precision dosing.
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